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(7) ABSTRACT

Provided is an organic light emitting display device includ-
ing: a display panel including data lines, scan lines, and pixels
coupled to the data lines and the scan lines; a digital data
converter configured to calculate a panel load utilizing digital
video data, and to convert the digital video data such that peak
luminance of the pixels have a maximum value when the

(22) Filed: Mar. 5, 2015 panel load is equal to or less than a limit value; a data driver
configured to convert digital conversion data, which has been
(30) Foreign Application Priority Data converted by the digital data converter, into data voltages, and
to supply the data voltages to the data lines; and a scan driver
Mar. 17,2014 (KR) e 10-2014-0030808 configured to provide scan signals to the scan lines.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0030808, filed on
Mar. 17,2014, in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference
in their entirety.

BACKGROUND

[0002] 1.Field

[0003] Aspects of example embodiments of the present
invention relate to an organic light emitting display device
and a method for driving the organic light emitting display
device.

[0004] 2. Description of the Related Art

[0005] In recent years, there have been developed various
types of flat panel display devices having reduced weight and
volume in comparison to cathode ray tubes. The flat panel
display devices include liquid crystal display devices, field
emission display devices, plasma display panels, and organic
light emitting display devices.

[0006] Among the flat panel display devices, the organic
light emitting display device displays an image using organic
light emitting diodes (OLEDs) that generate light through the
recombination of electrons and holes. The organic light emit-
ting display device has a high response speed and is driven
with low power consumption.

[0007] The organic light emitting display device includes a
data driver configured to supply data voltages to data lines, a
scan driver configured to provide scan signals to scan lines,
and pixels located at areas defined by crossing regions of the
scan lines and the data lines. The pixels emit light with a
predetermined luminance by controlling a current that is sup-
plied to the OLED corresponding to a data voltage supplied to
a gate electrode of a driving transistor.

[0008] As the luminance of the image displayed on the
organic light emitting display device becomes higher, a dis-
play panel load becomes higher. In this regard, the display
panel load refers to currents flowing in the OLEDs of the
pixels of the display panel, namely, a total current flowing in
the display panel. However, an increase in display panel load
leads to an increase in power consumption of the organic light
emitting display device.

SUMMARY

[0009] Aspects of example embodiments of the present
invention relate to an organic light emitting display device
and a method for driving the organic light emitting display
device, which are capable of reducing power consumption.

[0010] According to an embodiment of the present inven-
tion, there is provided an organic light emitting display device
including: a display panel including data lines, scan lines, and
pixels coupled to the data lines and the scan lines; a digital
data converter configured to calculate a panel load utilizing
digital video data, and to convert the digital video data such
that peak luminance of the pixels have a maximum value
when the panel load is equal to or less than a limit value; a data
driver configured to convert digital conversion data, which
has been converted by the digital data converter, into data
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voltages, and to supply the data voltages to the data lines; and
a scan driver configured to provide scan signals to the scan
lines.

[0011] The digital data converter may be configured to
convert the digital conversion data such that the peak lumi-
nance ofthe pixel is reduced as the panel load increases, when
the panel load is more than the limit value.

[0012] The digital data converter may include a panel load
calculator, and the panel load calculator may be configured to
calculate the panel load from a value that is obtained by
dividing a sum of digital video data of one frame period by a
maximum value of the sum of the digital video data of the one
frame period.

[0013] The digital data converter may further include a
conversion factor calculator, and the conversion factor calcu-
lator may be configured to calculate first and second conver-
sion factors according to following Equations, and to deter-
mine a smaller one of the first and second conversion factors
as a conversion factor:

NPC,
CFl= LIMIT
PL
CF2=1-6%xPL

where the panel load is designated as PL, the limit value is
designated as NPC, ;, ;7. the first conversion factor is desig-
nated as CF1, the second conversion factor is designated as
CF2, and a proportional constant multiplied by the panel load
is designated as .

[0014] Thedigital data converter may further include a first
data converter configured to calculate first digital conversion
data by multiplying the digital video data of the one frame
period by the conversion factor.

[0015] Thedigital data converter may further include an IR
drop compensator configured to calculate compensation data
utilizing the panel load, a maximum value of the panel load,
the sum of the digital video data of the one frame period, and
the maximum value of the sum of the digital video data of the
one frame period.

[0016] The digital data converter may further include a
second data converter configured to calculate second digital
conversion data by adding the first digital conversiondata and
the compensation data, and to output the second digital con-
version data as the digital conversion data.

[0017] According to another embodiment of the present
invention, there is provided a method for driving an organic
light emitting display device including a display panel having
a pixel, the method including: calculating a panel load utiliz-
ing digital video data; and adjusting peak luminance of the
pixel depending on the panel load, wherein the adjusting of
the peak luminance of the pixel depending on the panel load
includes: setting the peak luminance of the pixel as a maxi-
mum value when the panel load is equal to or less than a limit
value; and reducing the peak luminance of the pixel as the
panel load increases when the panel load is greater than the
limit value.

[0018] The calculating of the panel load may include cal-
culating the panel load from a value that is obtained by divid-
ing a sum of digital video data of one frame period by a
maximum value of the sum of the digital video data of the one
frame period.
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[0019] The adjusting of the peak luminance of the pixel
depending on the panel load may include calculating first and
second conversion factors according to following Equations
and then determining a smaller one of the first and second
conversion factors as a conversion factor:

NPC,
CFl= LIMIT
PL
CF2=1-6xPL

where the panel load is designated as PL, the limit value is
designated as NPC, 1, ;7. the first conversion factor is desig-
nated as CF1, the second conversion factor is designated as
CF2, and a proportional constant multiplied by the panel load
is designated as .

[0020] The adjusting of the peak luminance of the pixel
depending on the panel load may include calculating first
digital conversion data by multiplying the digital conversion
data of the one frame period by the conversion factor.
[0021] The method may further include calculating com-
pensation data utilizing the panel load, a maximum value of
the panel load, the sum of the digital video data of the one
frame period, and the maximum value of the sum of the digital
video data of the one frame period.

[0022] The method may further include calculating second
digital conversion data by adding the first digital conversion
data and the compensation data.

[0023] The method may further include: converting the
second digital conversion data into data voltages and supply-
ing the data voltages to data lines; and providing scan signals
to scan lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Aspects of example embodiments will now be
described more fully hereinafter with reference to the accom-
panying drawings; however, the present invention may be
embodied in different forms and should not be construed as
limited to the example embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the spirit and
scope of the present invention to those skilled in the art.
[0025] Inthe drawing figures, dimensions may be exagger-
ated for clarity of illustration. It will be understood that when
an element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. Likewise,
when an element is described as “coupled” or “connected” to
another element, the element may be “directly coupled” or
“directly connected” to the other element, or “indirectly
coupled” or “indirectly connected” to the other element
through one or more intervening elements. Like reference
numerals refer to like elements throughout.

[0026] FIG.11is a view illustrating a range of digital video
data when an IRD algorithm (e.g., an IR drop compensation
algorithm) is applied;

[0027] FIG.2A1isa graph illustrating a peak value of digital
video data as a function of a display panel load when a
conventional power-consumption reducing algorithm is
applied,;

[0028] FIG. 2B is a graph illustrating compensation data as
a function of a display panel load when a conventional IRD
algorithm is applied,;
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[0029] FIG.2C is a graph illustrating a peak value of digital
conversion data as a function of a display panel load when
both the conventional power-consumption reducing algo-
rithm and the conventional IRD algorithm are applied;
[0030] FIG. 3 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention;

[0031] FIG. 4 is an equivalent circuit diagram of pixels
shown in FIG. 3;

[0032] FIG. 5 is a detailed block diagram illustrating a
digital data converter of FIG. 3;

[0033] FIG. 6 is a detailed flowchart illustrating a digital-
data conversion method ofthe digital data converter of FIG. 5,
[0034] FIG. 7A is a graph illustrating a peak value of first
digital conversion data as a function of a display panel load
according to an embodiment of the present invention;
[0035] FIG. 7B is a graph illustrating compensation data as
a function of the display panel load according to the embodi-
ment of the present invention; and

[0036] FIG.7Cisa graphillustrating a peak value of second
digital conversion data as a function of the display panel load
according to the embodiment of the present invention.

DETAILED DESCRIPTION

[0037] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments of the present invention are
shown. The present invention may, however, be embodied in
various different forms and should not be construed as limited
to the embodiments set forth herein. Like reference numerals
designate like elements throughout the specification. In the
following description, detailed description of a known func-
tion or configuration that are not necessary to those skilled in
the art for a complete understanding of the present invention
may have been omitted.

[0038] FIG. 1is a view illustrating digital conversion data
provided from a timing controller to a data driver when an
IRD algorithm is applied. The IRD algorithm is an algorithm
for compensating for the IR drop of a first power voltage that
is supplied to a display panel.

[0039] Referring to FIG. 1, digital conversion data DVD'
provided from the timing controller to the data driver may be
calculated by adding digital video data DVD and compensa-
tion data CD. The digital video data DVD refers to digital data
that is input from an external system board, while the com-
pensation data CD refers to digital data that is calculated
using the IRD algorithm. The IRD algorithm is an algorithm
for compensating for the IR drop of the first power voltage of
the organic light emitting display device.

[0040] InFIG.1,the compensation data CD is 10-bit digital
data, and the digital conversion data DVD' is 13-bit digital
data. In this case, since 10 bits represent 2'° (=1024) and 13
bits represent 2'* (=8192), the digital conversion data DVD'
may have values of 0to 8191, the digital video data DVD may
have values of 0 to 7168, and the compensation data CD may
have values of 0 to 1023.

[0041] FIG.2A s a graph illustrating a peak value of digital
video data as a function of a display panel load when a
conventional power-consumption reducing algorithm is
applied. FIG. 2B is a graph illustrating compensation data as
a function of a display panel load when a conventional IRD
algorithm is applied. FIG. 2C is a graph illustrating a peak
value of digital conversion data as a function of a display
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panel load when both the conventional power-consumption
reducing algorithm and the conventional IRD algorithm are
applied.

[0042] In FIGS. 2A to 2C, the x-axis denotes the display
panel load PL (hereinafter referred to as the “panel load”).
The panel load PL refers to total current flowing in the display
panel 10. The y-axis of FIG. 2A denotes the peak value of the
digital video data DVD, the y-axis of FIG. 2B denotes the
compensation data CD, and the y-axis of FIG. 2C denotes the
peak value of the digital conversion data DVD'. Since the
pixels of the organic light emitting display device receive
analog data voltage converted from the digital conversion
data DVD' and then emit light in response to the data voltage,
the peak value of the digital conversion data DVD' denotes the
peak luminance of the pixels.

[0043] Referring to FIG. 2A, the conventional power-con-
sumption reducing algorithm controls the peak value of the
digital video data DVD depending on the panel load PL. To be
more specific, if the panel load PL is equal to or less than a
limit value NPC, ,, ., the conventional power-consumption
reducing algorithm performs control such that the peak value
of the digital video data DVD has a maximum value that may
be represented by the digital video data DVD, regardless of
the panel load PL. As illustrated in FIG. 1, if the digital
conversion data DVD' is 13 bits and the compensation data
CD is 10 bits, the maximum value of the digital video data
DVD may be 7168. Further, if the panel load PL is greater
than the limit value NPC, , ., the conventional power-con-
sumption reducing algorithm performs control such that the
peak value of the digital video data DVD is reduced as the
panel load PL is increased. The limit value NPC,,, .- may
have a value of 0 to 1, the value being preset to a proper value
through experiments.

[0044] Referring to FIG. 2B, the conventional IRD algo-
rithm controls the compensation data CD depending on the
panel load PL. Specifically, the conventional IRD algorithm
performs control such that the compensation data CD is
increased as the panel load PL is increased, if the panel load
PL is equal to or less than the limit value NPC,, - Further,
the conventional IRD algorithm performs control such that
the compensation data CD has the maximum value regardless
of the panel load PL if the panel load PL is more than the limit
value NPC, ;- As illustrated in FIG. 1, when the compen-
sation data CD is 10 bits, the maximum value of the compen-
sation data CD may be 1023.

[0045] Referring to FIG. 2C, the conventional power-con-
sumption control algorithm employing both the conventional
power-consumption reducing algorithm and the conventional
IRD algorithm may calculate the peak value of the digital
conversion data DVD', by adding the peak value of the digital
video data DVD calculated from the conventional power-
consumption algorithm and the compensation data CD cal-
culated from the conventional IRD algorithm. Thus, if the
panel load PL is equal to or less than the limit value NPC, ;, /7,
the conventional power-consumption control algorithm per-
forms control such that the peak value of the digital conver-
sion data DVD'is increased as the panel load PL is increased.
On the other hand, if the panel load PL is more than the limit
value NPC, ;, 7, the conventional power-consumption con-
trol algorithm performs control such that the peak value of the
digital conversion data DVD' is reduced as the panel load PL
is increased. Thus, if the panel load PL is the limit value
NPC, 1, as shown in FIG. 2C, the peak value of the digital
conversion data DVD' has the maximum value that may be

Sep. 17, 2015

represented by the digital conversion data DVD'. If the digital
conversion data DVD' is 13 bits as illustrated in FIG. 1, the
maximum value of the digital conversion data DVD' may be
8191.

[0046] Therefore, as shown in F1G. 2C, although the con-
ventional power-consumption control algorithm may per-
form control such that the peak value of the digital conversion
data DVD' has the maximum value, ifthe panel load PL is less
than the limit value NPC, ,, ..., this is not realized. Hence,
although a contrast ratio may be increased by controlling the
peak luminance of the pixel such that it becomes higher, if the
panel load is equal to or less than the limit value, this is not
realized.

[0047] Hereinafter, an organic light emitting display device
and a method for driving the organic light emitting display
device according to embodiments of the present invention
will be described in detail with reference to FIGS. 3 to 7C.
[0048] FIG. 3 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention. Referring to FIG. 3, the organic light
emitting display device includes a display panel 10, a scan
driver 20, a data driver 30, a timing controller 40, a power
supply 50, and a digital data converter 60.

[0049] Data lines D1 to Dm (m is a positive integer of 2 or
more) and scan lines S1 to Sn (n is a positive integer of 2 or
more) are formed on the display panel 10 in such a way as to
cross each other. Pixels P are formed on the display panel 10
in a matrix form, and are respectively coupled to the data lines
D1 to Dm and the scan lines S1 to Sn.

[0050] As shown in FIG. 4, for example, a pixel from
among the pixels P may be coupled to a k-th (k is a positive
integer satisfving the following equation, 1<k<n) scan line, a
J-th (j 1s a positive integer satisfying the following equation,
1=j=m) data line, a first power voltage line VDDL, and a
second power voltage line VSSL. Referring to FIG. 4, each of
the pixels P may include a driving transistor DT, an organic
light emitting diode OLED, a scan transistor ST, and a capaci-
tor C.

[0051] The driving transistor DT is formed between the
OLED and the first power voltage line VDDL, and controls a
current flowing into the OLED. For example, since a drain-
source current flowing in a channel of the driving transistor
DT varies depending on a data voltage supplied to the control
electrode (e.g., gate electrode) of the driving transistor DT,
the current flowing into the OLED may be controlled by
controlling the data voltage supplied to a gate electrode of the
driving transistor DT.

[0052] The control electrode of the driving transistor DT
may be coupled to a second electrode of the scan transistor
ST, a first electrode of the driving transistor DT may be
coupled to the first power voltage line VDDL, and a second
electrode of the driving transistor DT may be coupled to an
anode electrode of the OLED. The control electrode may be
the gate electrode of the driving transistor DT, the first elec-
trode of the driving transistor DT may be a source electrode or
a drain electrode, and the second electrode of the driving
transistor DT may be an electrode different from the first
electrode. For example, if the first electrode of the driving
transistor DT is the source electrode, the second electrode of
the driving transistor DT may be the drain electrode.

[0053] The OLED emits light corresponding to the drain-
source current of the driving transistor DT. The anode elec-
trode of the OLED may be coupled to the second electrode of
the driving transistor DT, and a cathode electrode of the
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OLED may be coupled to the second power voltage line
VSSL (e.g., a low-potential voltage line).

[0054] The scan transistor ST is coupled between the gate
electrode of the driving transistor DT and the j-th data line D).
The scan transistor ST is turned on in response to the scan
signal of the k-th scan line SLk, and supplies the data voltage
of the j-th data line Dj to the gate electrode of the driving
transistor DT. A gate electrode of the scan transistor ST may
be coupled to the k-th scan line SLk, a first electrode of the
scan transistor ST may be coupled to the j-th data line Dj, and
asecond electrode of the scan transistor ST may be coupled to
the gate electrode of the driving transistor DT.

[0055] The capacitor C is formed between the gate elec-
trode of the driving transistor DT and the first power voltage
line VDDL. The capacitor C maintains the data voltage sup-
plied to the gate electrode of the driving transistor DT for a
period of time (e.g., a predetermined period of time).

[0056] A semiconductor layer of each of the driving tran-
sistor DT and the scan transistor ST may be formed of poly-
silicon, but the present invention is not limited thereto, for
example, the semiconductor layer may be formed of either
a-Sioroxide semiconductor. Inthe embodiment of FIG. 3, the
driving transistor DT and the scan transistor ST are formed in
a P-type semiconductor, but the present invention is not lim-
ited thereto.

[0057] Further, each of the pixels P may further include a
compensation circuit for compensating for a threshold volt-
age of the driving transistor DT. In this case, the compensa-
tion circuit may include at least one transistor. Since the
compensation circuit senses the threshold voltage of the driv-
ing transistor DT and then applies the sensed threshold volt-
age to the gate electrode of the driving transistor DT, the
drain-source current Ids of the driving transistor DT may not
depend on the threshold voltage Vth of the driving transistor
DT.

[0058] The scan driver 20 supplies scan signals to the scan
lines S1to Snin response to a scan-timing control signal SCS.
The scan driver 20 may sequentially supply the scan signals to
the scan lines S1 to Sn.

[0059] The data driver 30 includes at least one source drive
IC. The source drive IC receives a source timing control
signal DCS and digital conversion data DVD' from the timing
controller 40. The source drive IC receives gamma reference
voltages GMA from the power supply 50. The source drive IC
divides the gamma reference voltages GMA to generate
gamma correction voltages. The source drive IC may convert
the digital conversion data DVD' into data voltages, by select-
ing any one of the gamma correction voltages depending on
the digital conversion data DVD'. The source drive IC is
synchronized with each of the scan signals based on the
source timing control signal DCS, thus supplying the data
voltages to the data lines D1 to Dm. Thereby, the data voltage
is supplied to each of the pixels P to which the scan signals are
provided.

[0060] The timing controller 40 receives the digital conver-
sion data DVD' from the digital data converter 60. The timing
controller 40 may receive timing signals, including a vertical
sync signal, a horizontal sync signal, a DVD enable signal,
and a dot clock, together with the digital conversion data
DVD'. The timing controller 40 is configured to generate
timing control signals for controlling the operation timing of
the data driver 20 and the scan driver 30, based on timing
signals. The timing control signals include the scan-timing
control signal SCS for controlling the operation timing of the
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scan driver 30, and a data-timing control signal DCS for
controlling the operation timing of the data driver 20. The
timing controller 40 outputs the scan-timing control signal
SCS to the scan driver 30, and outputs the data-timing control
signal DCS and the digital conversion data DVD' to the data
driver 20.

[0061] The power supply 50 supplies a first power voltage
through the first power voltage line VDDL to each of the
pixels P of the display panel 10, and supplies a second power
voltage through the second power voltage line VSSL to each
pixel. The first power voltage may be set as a high-potential
voltage ELVDD, while the second power voltage may be set
as a low-potential voltage ELVSS. Further, the power supply
50 may supply a gate on voltage Von and a gate off voltage
Voff'to the scan driver 20. The power supply 50 may generate
the gamma reference voltages GMA and supply them to the
data driver 30.

[0062] The digital data converter 60 receives the digital
video data DVD from the external system board. The digital
data converter 60 converts the digital video data DVD, using
the power-consumption control algorithm according to an
embodiment of the present invention so as to reduce the
power consumption of the OLED display device. The power-
consumption control algorithm according to an embodiment
of the present invention may include the power-consumption
reducing algorithm and the IRD (IR drop) algorithm. The
power-consumption reducing algorithm is an algorithm for
reducing the power consumption by adjusting the peak lumi-
nance of the pixel depending on the panel load PL, while the
IRD algorithm is an algorithm for compensating for the lumi-
nance loss of the pixel resulting from the IR drop of the first
power voltage ELVDD. The digital data converter 60 converts
the digital video data DVD into the digital conversion data
DVD' using the power-consumption control algorithm, and
outputs the digital conversion data DVD' to the timing con-
troller 40. The digital data converter 60 may be included in the
timing controller 40, but the present invention is not limited
thereto. Hereinafter, the digital-data conversion method of the
digital data converter 60 will be described in detail with
reference to FIGS. 5 and 6.

[0063] FIG. 5 is a detailed block diagram illustrating the
digital data converter of FIG. 3. FIG. 6 is a detailed flowchart
illustrating the digital-data conversion method of the digital
data converter of FIG. 5. Referring to FIG. 5, the digital data
converter 60 includes a power-consumption reducer 100 and
an IRD compensator 200.

[0064] The power-consumption reducer 100 converts the
digital video data DVD so as to reduce the power consump-
tion of the OLED display device. The power-consumption
reducer 100 includes a panel load calculator 110, aconversion
factor calculator 120, a memory 130, and a first data converter
140. The IRD compensator 200 converts the digital video data
DVD so as to compensate for the luminance loss of the pixel
resulting from the IR drop of the first power voltage ELVDD.
The IRD compensator 200 includes a compensation factor
calculator 210, a compensation data calculator 220, and a
second data converter 230. Hereinafter, the digital-data con-
version method of the digital data converter 60 will be
described in detail with reference to FIGS. 5 and 6.

[0065] The panel load calculator 110 receives the digital
video data DVD from the external system board. The panel
load calculator 110 calculates the panel load PL using the
digital video data DVD. For example, the panel load calcula-
tor 110 may calculate a value of the panel load PL, which is



US 2015/0262532 Al

obtained by dividing the sum S,,,,, of the digital video data
DVD of one frame period by the maximum value SMAX , ,,
of the sum of the digital video data DVD of the one frame
period as in Equation 1. In this case, the panel load PL may
have the value of 0 to 1. The panel load calculator 110 outputs
the panel load PL to the conversion factor calculator 120.
Further, the panel load calculator 110 outputs the sum S, of
the digital video data DVD of the one frame period and the
maximum value SMAX,,,,, of the sum of the digital video
data DVD of the one frame period, to the compensation factor
calculator 210.

PL= Spvp Equation 1
SMAXpvp
[0066] The conversion factor calculator 120 calculates the

conversion factor CF depending on the panel load PL. For
example, the conversion factor calculator 120 may calculate a
first conversion factor CF1 according to Equation 2, and may
calculate a second conversion factor CF2 according to Equa-
tion 3.

CFl = NPCrpur Equatmn 2

PL
CF2=1-6xPL Equation 3
[0067] In Equations 2 and 3, NPC;,,, » may be the limit

value, 0 may be a proportional constant, and each of
NPC, 1 rand d may have a value of 0 to 1, and may be preset
to a proper value through experiments. The conversion factor
calculator 120 calculates a smaller one of the first conversion
factor CF1 and the second conversion factor CF2 as the con-
version factor CF, and then outputs the calculated value to the
first data converter 140 and the compensation factor calcula-
tor 210. The conversion factor CF may have a value of O to 1.
When the panel load PL is equal to or less than the limit value
NPC, 1 as shown in FIG. 7A, the first conversion factor
CF1 may be calculated as the conversion factor CF. Also,
when the panel load PL is greater than the limit value
NPC, ,,r-as shown in FIG. 7A, the second conversion factor
may be calculated as the conversion factor CF. That is, the first
conversion factor CF1 refers to a graph in linearly inverse
proportion when the panel load PL is equal to or less than the
limit value NPC, ;. as shown in FIG. 7A, and the second
conversion factor CF2 refers to a graph when the panel load
PL is greater than the limit value NPC, , - Furthermore, 8
may be a slope of the graph in linearly inverse proportion
when the panel load PL is equal to or less than the limit value
NPC, 1/, 7 The conversion factor calculator 120 may change
the conversion factor CF into a gray scaling factor and output
the gray scaling factor to the first data converter 140 (step
S102 of FIG. 6)

[0068] The memory 130 receives the digital video data
DVD from the external system board. The memory 130 may
be implemented as a frame memory that stores the digital
video data DVD of the one frame period.

[0069] The first data converter 140 receives the digital
video data DVD of the one frame period from the memory
130. Further, the first data converter 140 receives the conver-
sion factor CF from the conversion factor calculator 120. The
first data converter 140 calculates the first digital conversion
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data DVD1 by multiplying the digital video data DVD of the
one frame period by the conversion factor CF.

[0070] In FIG. 7A, the x-axis denotes the panel load PL,
and the y-axis denotes the peak value of the first digital
conversion data DVD1. FIG. 7A illustrates a case where the
first digital conversion data DVDI is 13-bit digital data.
Hence, the first digital conversion data DVD1 may have the
value of 0 to 8191.

[0071] The first data converter 140 outputs the first digital
conversion data DVDI to the second data converter 230. The
first data converter 140 may perform gamma correction for
the first digital conversion data DVDI1 to output a corrected
value to the second data converter 230 (step S103 of FIG. 6).
[0072] The compensation factor calculator 210 receives the
sum Sy, of the digital video data DVD of one frame period
and the maximum value SMAX,;, of the sum of the digital
video data DVD of the one frame period, from the panel load
calculator 110, and receives the conversion factor CF from the
conversion factor calculator 120. The compensation factor
calculator 210 calculates a compensation factor COMPF,
based on the sum S, of the digital video data DVD of the
one frame period, the maximum value SMAX ., of the sum
of the digital video data DVD of the one frame period, and the
conversion factor CF. The compensation factor calculator 210
may calculate the compensation factor COMPF according to
Equation 4. In Equation 4, CFMAX means the maximum
value of the conversion factor CF.

CF X Spyp
CFMAX X SMAXpyp

Equation 4
COMPF =

[0073] The compensation data calculator 220 may include
a compensation look-up table. The compensation look-up
table stores first compensation data CD1 for compensating
for the IR drop of the first power voltage ELVDD. The first
compensation data CD1 stored in the compensation look-up
table may be calculated through given measurement afier the
OLED display device has been manufactured. The compen-
sation data calculator 220 calculates second compensation
data CD2, based on the first compensation data CD1 and the
compensation factor COMPF. The compensation data calcu-
lator 220 may calculate the second compensation data CD2
by multiplying the first compensation data CD1 by the com-
pensation factor COMPF according to Equation 5.

CD2=COMPFxCD1

[0074] FIG. 7B illustrates an example where the second
compensation data CD2 is calculated to be in linearly propor-
tion to the panel load PL when the panel load PL. is equal to or
less than the limit value NPC,;, ., and the second compen-
sation data CD2 is calculated to have a maximum value that
may be represented by the second compensation data CD2
when the panel load PL is greater than the limit value
NPC, , . but the present invention is not limited thereto. In
FIG. 7B, the x-axis denotes the panel load PL, and the y-axis
denotes the second compensation data CD2. FIG. 7B illus-
trates a case where the second compensation data CD2 is
10-bit digital data. Hence, the second compensation data CD2
may have the value of 0 to 1023 (step S104 of FIG. 6).

[0075] The second data converter 230 receives the first
digital conversion data DVD1 from the first data converter
140, and receives the second compensation data CD2 from
the compensation data calculator 220. The second data con-

Equation 5
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verter 230 adds the first digital conversion data DVD1 and the
second compensation data CD2 to calculate the second digital
conversion data DVD2 according to Equation 6.

DVD2=DVD1+CD2

[0076] Thus, when the panel load PL is equal to or less than
the limit value NPC, ;, ;--as shown in FIG. 7C, the peak value
of the second digital conversion data DVD2 may be calcu-
lated to be the maximum value that may be represented by the
second digital conversion data DVD2. Further, when the
panel load PL is greater than the limit value NPC, - as
shown in FIG. 7C, the peak value of the second digital con-
version data DVD2 may be calculated to be in exponentially
inverse proportion to the panel load PL. In FIG. 7C, the x-axis
denotes the panel load PL, and the y-axis denotes the peak
value of the second digital conversion data DVD2. FIG. 7C
illustrates a case where the second digital conversion data
DVD2 is 13-bit digital data. Hence, the second digital con-
version data DVD2 may have the value of 0 to 8191.

[0077] The second data converter 230 outputs the second
digital conversion data DVD2 as the digital conversion data
DVD' to the timing controller 40. Consequently, since the
digital conversion data DVD'is converted into the analog data
voltage and then supplied to the pixel, it can be seen that the
peak value of the digital conversion data DVD' represents the
peak luminance of the pixel (step S105 of FIG. 6).

[0078] By way of summation and review, according to
embodiments ofthe present invention, the digital video data is
converted into the digital conversion data DVD' to adjust the
peak luminance of the pixel depending on the panel load PL.
For example, according to an embodiment of the present
invention, if the panel load is more than the limit value
NPC, ,, 7 the peak luminance of the pixel (or the peak value
of the digital conversion data DVD') is reduced as the panel
load increases, thus realizing a reduction in power consump-
tion. Further, according to an embodiment of the present
invention, if the panel load PL is equal to or less than the limit
value NPC, ;, ;- the peak luminance of the pixel (or the peak
value of the digital conversion data DVD') is set as the maxi-
mum value, thus enabling the peak luminance of the pixel to
be controlled to be higher at a low grayscale level as com-
pared to the comparative example, and thereby allowing a
contrast ratio to be increased at the low grayscale level.

[0079] Example embodiments have been described herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments, unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and detail may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims, and their equivalents.

Equation 6

What is claimed is:

1. An organic light emitting display device comprising:

adisplay panel comprising data lines, scan lines, and pixels
coupled to the data lines and the scan lines;

adigital data converter configured to calculate a panel load
utilizing digital video data, and to convert the digital
video data such that peak luminance of the pixels have a
maximum value when the panel load is equal to or less
than a limit value;
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a data driver configured to convert digital conversion data,
which has been converted by the digital data converter,
into data voltages, and to supply the data voltages to the
data lines; and

a scan driver configured to provide scan signals to the scan
lines.

2. The organic light emitting display device as claimed in
claim 1, wherein the digital data converter is configured to
convert the digital conversion data such that the peak lumi-
nance ofthe pixel is reduced as the panel load increases, when
the panel load is more than the limit value.

3. The organic light emitting display device as claimed in
claim 2, wherein the digital data converter comprises a panel
load calculator, and the panel load calculator is configured to
calculate the panel load from a value that is obtained by
dividing a sum of digital video data of one frame period by a
maximum value of the sum of the digital video data of the one
frame period.

4. The organic light emitting display device as claimed in
claim 3, wherein the digital data converter further comprises
a conversion factor calculator, and the conversion factor cal-
culator is configured to calculate first and second conversion
factors according to following Equations, and to determine a
smaller one of the first and second conversion factors as a
conversion factor:

NPC,
CFl= LIMIT
PL
CF2=1-6%xPL

where the panel load is designated as PL, the limit value is
designated as NPC, ;, 7, the first conversion factor is
designated as CF1, the second conversion factor is des-
ignated as CF2, and a proportional constant multiplied
by the panel load is designated as 9.

5. The organic light emitting display device as claimed in
claim 4, wherein the digital data converter further comprises:
a first data converter configured to calculate first digital con-
version data by multiplying the digital video data of the one
frame period by the conversion factor.

6. The organic light emitting display device as claimed in
claim 5, wherein the digital data converter further comprises:
an IR drop compensator configured to calculate compensa-
tion data utilizing the panel load, a maximum value of the
panel load, the sum of the digital video data of the one frame
period, and the maximum value of the sum of the digital video
data of the one frame period.

7. The organic light emitting display device as claimed in
claim 6, wherein the digital data converter further comprises:
asecond data converter configured to calculate second digital
conversion data by adding the first digital conversiondata and
the compensation data, and to output the second digital con-
version data as the digital conversion data.

8. A method for driving an organic light emitting display
device comprising a display panel comprising a pixel, the
method comprising:

calculating a panel load utilizing digital video data; and

adjusting peak luminance of the pixel depending on the

panel load,

wherein the adjusting of the peak luminance of the pixel

depending on the panel load comprises:

setting the peak luminance of the pixel as a maximum
value when the panel load is equal to or less than a
limit value; and
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reducing the peak luminance of the pixel as the panel
load increases when the panel load is greater than the
limit value.

9. The method as claimed in claim 8, wherein the calculat-
ing of the panel load comprises: calculating the panel load
from a value that is obtained by dividing a sum of digital video
data of one frame period by a maximum value of the sum of
the digital video data of the one frame period.

10. The method as claimed in claim 9, wherein the adjust-
ing of the peak luminance of the pixel depending on the panel
load comprises calculating first and second conversion fac-
tors according to following Equations and then determining a
smaller one of the first and second conversion factors as a
conversion factor:

NPC,
CFl = LIMIT
PL
CF2=1-dxPL

where the panel load is designated as PL, the limit value is
designated as NPC; ;, 7, the first conversion factor is
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designated as CF1, the second conversion factor is des-
ignated as CF2, and a proportional constant multiplied
by the panel load is designated as 9.

11. The method as claimed in claim 10, wherein the adjust-
ing of the peak luminance of the pixel depending on the panel
load comprises calculating first digital conversion data by
multiplying the digital conversion data of the one frame
period by the conversion factor.

12. The method as claimed in claim 11, further comprising:

calculating compensation data utilizing the panel load, a

maximum value of the panel load, the sum of the digital
video data of the one frame period, and the maximum
value of the sum of the digital video data of the one frame
period.

13. The method as claimed in claim 12, further comprising:

calculating second digital conversion data by adding the

first digital conversion data and the compensation data.

14. The method as claimed in claim 13, further comprising:

converting the second digital conversion data into data

voltages and supplying the data voltages to data lines;
and

providing scan signals to scan lines.

L S S T
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